. {] e3e(hB(el F6TBBMHWO 00/ 51118 PCT1SG99100013 A METHOD AND APPARATUS FOR
CONTROLLNI G A DI SK DRI VE UNDER A POAER LOSS CONDI TION 5 Thi s i nvention

relates to \ﬁogﬁmfsm system and met hod which is appli cabllgc_lf/ 99/&,%?31 in data
storage dis ply power

rives and the like) particularly when a | oss osg;rsup
occurs during operation. 10 ri typical data storage disk drive conprises at
| east one disk on which data is stored in nagnetic or optical form a head
nounted on an armto read/ witefzomthe di sk surface and necessary control
circuits. The disk is rotated at a constant velocity by I tor and
the ante is noved over the disk surface to access di ffer\%@\““mmmms on
the di sk surface by a voice coil nmotor (VCM. Upon power ur e, i n order
to avoi d physical damage to the disk-15 storage surface as w8 as t he
read/ wite heads, the read/wite head assenbly shoul d be positioned away
fromthe disk data storage surface (referred to as parking the arm. Under
power fai | uAEMENHOD AN APRARAASISEOR EQONTROLLINGIAI DISKt DPRIVE UNDERAI not or
may have to be derived froma nd in this case energy
remai ning in the spindle not or&@%ﬁ%é@@ﬁ%ﬂ disk drive circuits to
operate the voice coil notor to park the arm 20 Summary of the Invention

I n accordange w.th the .present invention, there is provided a nethod for
controlli nmmani smin the event of external power |oss, the
mot or i zed 5nERis dmieftOCRIMS its & Roncfol itentiid maicdnshithDi @pglicalle fdrade trDd#ta CONMMDN
driving circuit, .said first tor 25 being aryranged to rotate at, a

subst ant i al T9F38% ﬁ’é?&ﬁ‘i" °sra§?éhﬁr/zglf°h pé‘?f‘ﬂ?‘ﬁ'aﬁvgeél ’e@fsr ?ng*HFplb(?\‘RgF’ SHFi98HE o ¢ he
driving cirepedtonwherein in the event of |oss of said external electrical
power to the driving circuit, the driving circuit is controlled so as to
connect and di sconnect the first and second notors to the driving circuit

i n subst ant BadgrbuAdit - of - phase synchroni smto enabl e said second notor to be

driven with electrical power ggrived fromback-enf of the rotating first 30
mot or . ' 1o4sypical 433 Ferese ki drive eRIpOiaRION eseons disKeATeVRIRT §24 is HereddR oci zcd

mechani sm cgapietis BSopticdl fdriti, B GcadBediand Sl £ 1&reld/Micdirbod treQisk! siffadeiaki®

wherein the first notor is a_spindle notor and the second notor is a
read/ wite RESTIYSOREQ! STy Tt Ysk Is sotatpdhat g carseant vsiopins by a shdle &9tesad i des a

nmet hod for theeumh s Bovdil Sler the ik sideAgackesS RiffReHnEloRRbeY od BE dsPhatidgy 2 data
storage disk and_a headcgﬁm tioning notor for posjitioni ng aread/wite

head, the spPPiFUFd BRPYCHRd Urss pevwes falyes: inrdsr tarvpidphysicapiaseese & Be digki ven

froman epst bRk sBIFdRIas SRU £ thddeadf¥itheads, W MhdIhrife! it adstmbly RnotEd Bod being
for controlling the notors in the event of | oss of said extefnal_power

sour ce duri ReFIRAgeh YAy {rog the disk dpn parage mstaen (refprEadap As pasking theapph dVedenot or

and positi on_& fATNire lcomfitfons WeleBEGH! rddBirdi Y dRbd b VBIdR ESIEmBHOL Miaf ave!th BA!1 1
substantial [y in out-of phase synchronismto enabl e said positioning notor

to be dri veAeshict Arom Eeqndary soystsnand in s Gescuetey Famsinige- ig e spindierfaototRant i ng
spi ndl e 1Dt @ used thY Qv icRUERY Qirad RO vRECHH Htordo PR fOr control i ng
a disk drive hav:’bgg a spi ﬁéfe 15 rrgétlcr)r ané a pogﬁ&i’ 0?1?% not or both coupl ed
to a drivihg circuit) conprising the steps of: detecting a |oss of supply

power to th&ww; choppi ng connecti on between the spindle notor
and the driving circul 0 generate an
In accordance with the present invention, there is provided a method for controlling a

motorized mechanism in the event of external power loss, the motorized mechanism
comprising first and second motors coupled to a common driving circuit, said first motor
25 being arranged to rotate at a substantially constant rate with external electrical power applied
to the driving circuit, wherein in the event of loss of said external electrical power to the
driving circuit, the driving circuit is controlled so as to connect and disconnect the first and
second motors to the driving circuit in subsrantially ourt-of-phase synchronism to enable said
second motor to be driven with electrical power derived from back-emf of the rotating first

30 motor.
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intermttent back-enf derived rccirculation current; and chopping
connection between the positioning notor and driving circuit at |east 20
subst ant i al yi og¥fgd)r ONi zed out - of phase with the choppi ngeQfisdobFoosPi NAI €
not or connection to unable driving of the positioning notor using the
recirculation current. The present invention further provides a disk drive
or the Iike having a spindle notor for rotatably driving a spindle and/or
di sk) a positioning notor for positioning a read and/or 25 wite head, and
a notor driving circuit coupled to controllably drive the spindle notor and
posi tioning notor under normal operation using an external power supply,
the notor driving circuit including & cont roll er adapted to respond to | oss
of said external power supply by choppi ng connection between the driving
circuit and the spindle and positioning notors respectfully in a

subst anti al synchroni sed, out.- o hase manner to. er L VL t he 30
posi ti oni ng%ef%?y,%et%ot%m%g% cu "é? ?rgpﬁg%suar r gﬁ% lécé:ﬁ%g%of P g%k\ghgg?:ﬁ@%nf of

t he spi ndl elikmtwdrerein the@@ir@CiaBirlid 8 spidilPHHloS@BOMO O3Bl innton ispr midéwrigchedr m of
the invention,.the drt‘i)rvi ng circuit has upper anti |ower supply rails
coupled to ??@8“5’5'?%e‘ext ernal power supply under normal operation, and
wherein the driving circuit includes a storage capacitor and a voltage

cla coupl to the upper,_ su rai.l . .5 Preferab h i e tor is
Coupled 18 THorrGispiRv AR fssiatReY o Rlion 5 obt i Gl e Vg P SR O
o:‘ a pl urﬁl fdr\totating elsl}m:xto;g\ge disppjﬁct aaéﬁdipolsiﬁug.ﬁgmmwi‘ gfmrlxd?]itibmg sm?mhir:e\g
el enent s hayi arallel diode elenments, an r.ei noppi ng _of t
bt ndl e ot BredeB RBHG e eBF Re-HoRRE fordy YSRGS B SRR MR e e e
\mi t chi ng ?b@f\@ﬂb\&cif!ﬁyﬂwla@ﬁvihbﬁr@ﬂj tﬁdhﬁtb@?cﬁh{g fbpcdnhﬂuhgm?attpm :ﬁ?r zimio 1)
erein switching off the lower switching elenents .allows back-er
Gorived frofhe aRoR LR Py ST B or 1o e Bt FEEE B hr ough
the uppe_r1osw@imbimozekﬁnﬁjlmignrn@ nidﬁcﬁ* Atp R@ftctzd Rl alyldra'ff Eromﬂhlefdeilva_b:d]rcMPG )
ositionin tor . is coupled to.the upper, antj |ower su rajls of the
1 vi ng i r EHFERRAY fn urarpase sypehionizm o epghls seicknpr ERiaR BPF Lk YA MR
el ement's, aelcibApOWer AVEDdE bdck2n@bf thb Coti@Fishin®e imiegrnOt Or corresponds to
switching vn and off a selected one of the pairs of switching elenents to
connect and di sconnect the positioning notor to the upper anti tower supply-
rails to SefI\ﬁSbi'déedt)invdﬁtidgﬁlsbtﬁbﬁovmwhﬁﬂeﬂﬂhIT& doBkMingd dikk &Ricthatiff b sgidiat i ng
current. Brief Description of the Draws 20 The invention_ s described in
greater d&t &H‘“H‘&?éipﬁ RITERE MY5FF BREY FoBPleL IO A S IVARERICY: CORPRYRE e HER% Dt i on of
a preferred enbodising a 1d3c6E0hplppélveritd the dATAE e, t 0 t he acconpanyi ng
drawings in which: Figure 1 is a circujit diagramof spindle notor and voice
coil motor dri vi H?_?PE‘FQEQ?P?‘:@ Prgsen e ipindle gotor ansi s drivipg cizshit 1 grgpratesn; 5 g
sinplified Ghtéwdiidnt GAcRGPIRARrdled b2l RicAQhReEdVCM circuits of Figure 1;

Figure 3 is a waveformtimng diagramfor voltages and currents in the
spi ndl e and chopping connection between the positioning motor and driving circuit at least

20 substantially synchronized out-of-phase with the chopping of the spindle motor connection to

enable driving of the positioning motor using the recirculation current.

The present invention further provides a disk drive or the like baving a spindie motor for
rotatably driving 2 spindle and/or disk, a positioning motor for positioning a read and/or
25 write head, and a motor driving circuit coupled to controllably drive the spindle motor and
positioning motor under normal operation using an external power supply, the motor driving
circuit including a controller adapted to respond to loss of said external power supply by
chopping connection between the driving circuit and the spindle and positioning motors
respectfully in a substantially synchronised out-of-phase manner to enable driving of the

30 positioning motor with a recirculation current derived from a back-emf of the spindle motor.



V CMcircuits whey controlled according to a preferred enbodi nent of the
present invention; and Figure 4 is a block diagramrepresentation of a
circuit acgeddsfigst 0 an embodi nent 30 of the invention. pciecHRbebl |s -4
PCT/ S&39100013 Det ai |l ed Description of Preferred Enbodi nents A typical data
storage disk drive) such as those known as hard di sks, have one notor to
drive a spindle for rotating the disk and another notor (sonetines called a
voice coil motor or VCM for positioning the read/wite nmechanism Wen the
disk drive is not in use it is 5 desirable that the read/wite head be
positioned away fromthe data storage surface of the disk (to a parked
position), to avoid contact between t head and di sk surface which can
cause damage. Thus) if a failure is the supply of eletrical power to the

di sk drive occurs, it is desirable to nove the read/witc head to the

parked position. The difficult i th_achi eving.fthat aimlies in _obtaining
power with t‘,l‘?r%%m&réo% °fﬁ1§ '%5’5%"8' %i%fw%tcggmf  uBResi AP gHTen g Qpﬂye“?‘b head
mechani sm Oagupteditaiteteive thoextshel piwebbupply afided boririanépeautivh @and wherein e deibirgt ri cal
power for parking the head in a.powey s ly failure is to provjde,the disk
e ve with acBtiares  sorgs Srearios aita vattgs pmecoualod 1q B Winet FRPNSHL, 1 he
VCM for the necessary operations. However, that solution 15 can

di sadvant agequs] v, i ncrease the construction costs of the disk. drive.

Anot her sol S)F‘ifﬁé‘/q’lélt?eeg"%‘ff Rfer is Gouplqd dp the “@a%vragﬁ@f%ﬁw?x Trilg ﬁfe‘(agﬁf’ﬂ%e
notor and t hejrafiyGia3tord phbdlitcifeespittvetippls ab® 1060t Sonidondictor eRitdbing Glemeits t hat
case, when the power fails the back enf é)%BEM of the spindle notor is

suppl y
har nessed t o IaYiag praliel Hg’éf Fiemehts, spdiersig chopping Ff e sPindle malemorrepandsdi num

current that agemate soathivesLehaldes thmwa%chmF blBeSPiovtheecTBE 9find1& mbiopi t ed

by the 20 notor paraneters_and the circuit elements, Further, the voltage

suppl i ed wi | Ito the dRiver ORY Tah e sHisFajoR ofhe iveRyETchBE clemente fllows Pick-es
operat e i f 4 hRkrifedFoRithe SpRANIHidS td fHnerhid @ réchrEifiatioh Surkehy fbcBh thB ubdef Gkitchingi 2gr am
of a disk drive spindle and VCM notors and their driving circuits is shown
25 at 10 in Flegsre 19 the paper gvmplyiRY- 10 i ncl udes a spindl e motor (12) which is
coupled to be driven by a spindle driving circuit 4. The circuit 10 al so

i ncludes a voice coil motor (VCM 20 which is coupled to be driven by a VCM
driving ci rcirefersbly tepesiSeningamatords fappiedtocthe wrprn and dovier sypplysails gf fredrivingy er s
16 coupl ed bedpagesy ﬁm@oﬁx@sga%alm SidoRiddioP §ih Y Glebraits, LRP FherPid Wadppg PP Y

rail, and | ower drivers coupl ed between the spindle notor termnals and

the |over 39 q5catcrosisignips ofonFerresonds 9 spdtehing o andvadf a sgiacied |oge o the B3 of6, 138
are each arrangetin Behbi€® comnd AP 4RhAR: o 85&3&&@8@%@: BieSaR 16hhaseA,

phaseH and phaseC) far controlling the spindle notor) whichis driven at a
const ant specyPRiVFalsdo sipstvely drive therpesitipnieg mae with vad respseiating cerdnber s f or
cacti phase conprise an output power MOS switch with intrinsic body diode,
and these switches are controlled, in use) by nmeans of a pulse width

modul ati on ( FBg i like in 5 known fashion. The controlling

CilTCUi try bOr Tl iR dBscBEE ot Y Sbtdiiielh, B 3 ick Sxebite onty, throngh

description of a preferred embodiment thereof and with reference to the accompanying

Jesnnintion aftn aWmLtigs

drawings in which:
Figure 1 is a circuit diagram of spindle motor and voice coil motor driving circuits
under power loss condition;
25 Figure 2 is a simplified circuit diagram of the spindle and VCM circuits of Figure 1;
Figure 3 is a waveform timing diagram for voltages and currents in the spindle and
VCM circuits when controlled according to a preferred embodiment of the present invention;
and
Figure 4 is a block diagram representation of a circuit according to an embodiment

30 of the invention,



omtted fromthe Figure in the interests of clarity. The VCM driving
circuit 22 also has upper drivers (24) and | ower drivers (26) coupled

bet ween t haydyoddigrad upper and | ower supply rails, respectpctgiyocodfnze VCM
driving circuit 10 as shown includes two phases coupled to termnals of the
VCM | abel I ed outP and outQ and . each phase of the upper and | ower VCM
drivers conprises as output power MOS of simlar construction to the
spindle notor circuit. .Also coupled to the upper supply rail (Il abelled
Vpw) in circuit 10 is a storage capacitor 28 IS and a voltage clanp 30.
The storage capacitor 28 is provided to enable transfer of BEMF energy from
the spindle notor to the storage capaggtor for powering the VCM The
boosted storage capacitor voltage is linmted by the clanp circuit 30 to
protect the other circuits from being damaged by a high voltage. 20 A
sinmplified chigid DatdiioadT B qBbdighests VCM and respective driving
circuits is shown n Fi gure . The nam ng conventjons for the el enents of

Figure 2 is @l%ﬁ‘l 783 YorAge\Atk drive Fuch as those known as apd\disks oy, eredngtorde drivgt or .
Vbent vcC. ..., spindle for-roBdhk Risk A Mee mfofdh [(soMefifés cfa}‘!'éa\ﬂ voiédcoil motor or

Rmsp..,.............. Slnle notor resistance. Rmve.,...............
Voi ce Col | MYE¥H ﬂoreg?ssttoawgéhe Ay yitcgneshagism.  When .thcmeﬂq dgtvar&&eotdv ugehis iShody

di odes of 3%&39!1&% ﬂﬁﬂﬂﬁ@a&@eﬁéﬁ% b8diRnsa avB??roﬁrlhchﬁm storage surface of the 0k &l ON
resi stance of the VCMdriver MOS transistorS. Rsns vC............... Sense

resi stor for(te A@azked pesitios).|to axpidyeontagrpetpmap the head and disk surface whishsan eagsspl y
vol tage for amege' 8L 1P failuléGh QY %1311* Bt 8&&4@@3&9%@ dis® aiVd 8deltd, Ris

| Circhoff | oop uation for the cir t as sho ure Z results in:
{ye. M~ tpd+ 51 ﬁﬂu‘: tsadnowemweaud/m@;gﬁ gpzlg@cguk;ﬁ pomand'mj Egﬁqﬂtmybh@clﬁmugbadme
correspondi n r edy
dle_rp~ From&t : %\ﬁ}eomglq tl .g%\a |lt |§d(1: edg}vxtgﬁ i rfoﬁéOSIﬁ&nge of | max
the Vpw W@l h@genmbﬁnﬁsrqqecessarl ly be lower. In order to over cone t hat
limtation and obtain a suitable solution to 5 the difficulties described
above, three potential strategies arise, as sumarised below, 1. Drive the
VCM wi t h t heOneisalwripmip B prablem ofinbraining tbmqquxredphcm;l@gyemfer parkiag theibeadc al

vol tage for {he GiEcC QPR8I F v, Eq,yﬁv

operation pl ace congﬁi“lélglf{rlL o8 5?{-1 ‘dégﬁs}ﬁ dlgk %TI!I reu%gme}%?rsc E% Ci %cw ts that
are operati omtaragamfépwmq/pom@V%oamvmsswapgenm oHgyeverabcpluten 28 at
vowr 10 SUBDLIL 0B b RIAREGERY ul-Uonddifidhl doliibt dic ifl ARAL Lot dBhullp POVer
condition. The energy 1s stored int capaci t or en supply power

avai | abl e. Trelies pmibe efational epregyssedred mcm spmglt:moax aasttbpmqymdepm@ibtaa@éuk

avai |l abl e at ,\ pi %M? der
strategy 3, to‘pegt&eg%lfgmﬁ ‘@g’\%‘gjfﬂ’bgﬁf‘gﬁ@ cﬁ%g{“ﬁg the splcﬁ e’ no %)r
BEMF. Convenlsmlmﬂalmqm fsolthgnedssd gb cmo‘adecclcmm powert foe opgrrting| the (WEMr The

R

rel eased, 2thenohwrtmarangetnrs aadthe amurtcaldmhtss Buk'thaugxh vbleze lsupﬂacdjwdljesp md at he
out put drive MOS he r CI rcul ation cu nped
Tt 6 the st oripera kRS P Bk e O GRE R ot R E B e

vol tage. Thi &ighr ocess of shorting and

A circuit diagram of a disk drive spindle and VCM motors and their driving circuits is shown
25 2t 10 in Figure 1. The circuit 10 includes a spindle motor (12) which is coupled to be driven
by a spindle driving circuit 14. The circuit 10 also includes a voice coil motor (VCM) 20
which is coupled to be driven by a VCM driving circuit 22. The spindle driving circuit 14
tncludes upper drivers 16 coupled between the spindle motor terminals and the upper power
supply rail, and lower drivers 18 coupled between the spindie motor terminals and the lower

30 power supply rail. The upper and lower spindle drivers 16, 18 are each arranged in three



releasing is repeated at regular intervals to replenish charge in the
storage capacitor. The circuits are protected from bei ng damaged by a high
vol t age usiygoddifigvol t age cl anp 30, which dissipates the,qﬁﬁﬁ§§lﬁﬂ@rgy from
recirculation. This solution requires a snaller capacitor than strategy 2,
but is still subject to three limtations as foll ows. WO 00/ 51118

PCT/ S&9/ 00013 a. The size of the storage capacitor nust increase as the
peak current required by the load circuits increases. This increases the
cost of the solution. b. The efficiency of use of the spindle notor energy
is low) since the energy dissipated in the clanp is unused. 5 c. The clanp
circuit nust be able to sustain the poyer dissipated within itself w thout
getting danmaged by the heat generated. In order to reduce or overcone these
dr awbacks for as i nproved solution, a preferred enbodinent of the present

i ti d

| vent | o B GULAORBR! kil MENLS T Ba U L BOPIAGRY iparEL o

the VCM In comslta@: smddbn)xg opezatign C\Hiesuppen arsidlo®@kt spindic ﬂnecrs fornedcle phasarts to
i | at i i I dt

recireul at e) §ﬁ{§§ Jrhaauéélﬂgg&ﬁﬁﬂg{)g%ﬁéﬂ With m&ﬁk%o@dﬁ)&é el tl)/es%g s%fee 0

the VCM A ke arrangenen con I'ng t he
amount of curcpstndliedeinadse,peyméans ofmepv&pimdthenqdnlaeommbtomhécrmn rtheeliite in

requi red by i . i and
he 15 cl anb evh BBy PASoRSRNE ey RE R p BB a8 oM AP AR 8K o ng
of the spi ndlomivesk foom shedigurein\tis\hiesests bdolxityn Fi gure 3. The first trace
named spindle indicates the state of the spindle notor output drivers.
Where the spindle trace shows "on" this indicates that the | ower drivers 18
20 are turnedteryChedriNitg cigruit 22 lalsh lhas ugpen Eritehe (24 pamidlowentdivers (26) tmpted The
variation of .the s or current is indicat by, t vefo

{abet 1 ed 1 m JPiea B G ARESRPers6H IoB8 Tonbid . e o e Y REVER SR s
" P:c g\%“ f} rrwmslrsmowxg&ludemafkmml e&ouplbdfsmr&maﬁh aif@?lvmlaﬁenmmmum% anarﬁ aL e
o] ich results in__recirculatio t he spindle notor curr gh the
body di odes o?ﬁqﬁ’éses‘ffl BrHPRer3Rq I9HEr R/E%“FFF UfRYF RO "(‘ié’?gé‘%é ‘m‘%ﬁ
second trace donstaﬁnfn@m&p&)dlelmbmcheﬂt.v~l 1 shows the state of the VCM

out put drivers 24, 26. \Were the YCMtrace shows "on" this indicates one of
the followng two states. First, current is ;lowi ng fromnode outP to node

out Q (see Fi gmsecdu)aledﬁwmemblﬁer b@p@l‘rmﬂ(lhbéﬁéd quwr))utd&cﬁﬂﬁb isa\/b&iiagdrckpaeitorwa out Q

are turned Sec IS rovmn fromnoeout (see
Figure 1) \)vgear?dtahé' Pd$q n@;}" E?Fagﬁﬁ'ﬂ:@c‘ 38 LoRrRyides P 723 leo‘f‘“ﬁ%f ?fwt ur ned
on. The corr e&ptgpdio&gthaﬁbwm&wto M‘é@fs@é Baphditof MFM@Mng&hd WOMC attethoddted M VC
inthe linotor tract | n Fjgure WO 0o0i sl PCT/ SG9/ 0Q013

fourth trace Y925 gpAckorgol géb‘é?‘?‘@ﬂlbégmlclf’%ﬁ&?‘h%m% e PR BFFHR £ t he
st orage capachdify dadfig@ls) 941 wltggec! anp 30 at the power supply rail Vpw.

20 A simplified circuit diagram of the spindle, VCM and respective driving circuits is shown in

Figure 2. The naming conventions for the elements of Figure 2 is given below.

Vbemf-sp............. BEMEF in the spindle motor.
Voemf vc............. BEMEF in the Voice Coil Motor (VYCM).

25 Rm_sp..iovverennninnin Spindle motor resistance.
Rm_vc...cccovovuen. Voice Coil Motor resistance.
Rbody _dio_sp........ Resistance of the body diodes of spindle driver MOS transistors.
Rds_on_vc............ Total ON resistance of the VCM driver MOS transistors.
Rsns_ve.ooooviinnnn, Sense resistor for the Voice Coil Motor.

30 Vowr............. .. Power supply voltage for the circuits,



In the Icap+lclanp trace, the waveform portion indicated at 32 corresponds
to recirculation 5 current delivered by the spindle notor. The next
succeedi ng way@d1ersm portion indicated at 34 corresponds tperadbdeois suppl i ed
to drive the VCM by the storage capacitor 28. Finally, the waveform portion
indicated at 36 in the Icap+lclanp trace corresponds to recirculation
current of the voice coil notor itself. Fromthis graph it becones apparent
that the proposed system of controlling the spindle and VCM drivers in

t hese circunstances i s advantageous, 10 since nost of the current generated
fromthe spindle notor recirculation is directly used to drive the VCM In
order to achieve the nost beneficial rgsults, the tinme intervals indicated
in Figure 3 by to) tl and rz are chosen such that, 1. The average of

| cap+lclanp is positive, resulting is boosting up of the supply 15 vol tage.
2. This posi ty)gy V\%@kg&o@i lodg \RuA6aERe afcuitfaﬁﬂztkvﬁh@mguresz Qs wat a m ni num
to reduce the po issipated in the clanp. 3. The region where

| cap+lclanp is negative (capacitor supplying the VCM current) is mninmm
whi ch neans that the required capacitor is ~8U(§.|) or. 20 The opti mum val ues
for the tinme intervals wall® q—cqugse—oeep‘e'gd—um—ﬁre—a;‘ru circuit and
not ors upon whi ch the system IsP | rrr?t"te#eme ?-"'b‘ut ﬁ'a's'ed uptn the foregoing
description suitable values for a given circuit may be easily determ ned
experinmental ly. 25 Enbodi nents of the present invention nay be inplenented
in existing fDren®respontlinkvaitage s Ypwr will twxanpl e, by operating with the
standard driving circuitry and notors perhaps with the addition of a
storage capacitor (28) and VLt ade.gh T ( 80), WhkLgsngtessary. In that
case) the control procedures of the preferred enbodi nent may be

i ncor por at ed I or

di sk drive coir:r{&r ofh Cl rc%‘ﬂg‘?ﬁl 8&&& fdéq%g%hgﬂh&n& I Cl ttﬁg(ggwﬁ%lﬁum

f or egoi ng desnacesstrilp be towet. mddltswmmehmimmnlm«ebmnelsu@ék sgiutisn foor
early detecti / Sorf

failure, sotst Qdlf{iﬁmeggé%é%%b&bﬁgyoggﬁéég%?&%r?%}ieeﬁ%%]on rraaéggdbe put into
action at the appropriate tinme. In Figure 4 a bl ock diagram representation
of a circuit accor { o '

illustrated. ?n thlrgé‘pcg11 a&rzlgl%@h ’lu 39”“%&8“% %%B%’%%*Q&éﬁ to the
spi ndl e notor dri V\@ttgelfdr thacictuithe opemeeeg:GNL Hwteger, m@s m@e@@upﬂrawntIiﬂCGShe VCM
drivers 22, as in Fj _:u,rre upper
and | ower supply rails %ﬂ%gﬁs%%&)wsq Xﬁﬁcc(fﬂfgé%ora e&glg&zm%gli@

clanp circuiot 242 |T§se(mwjr wgiaboraguecawpe:rzasatp]zﬁwy to augplySBe eiftire es@gy @nrtthct or
switching el enents ndl iver Ol4
are selectively coﬂ{cr“%tlo B'f[éte ug&eggﬁg?%gr cﬂ%di?"élr r@ﬁgﬁrg’? PQF Re ‘%gﬁhn acﬁcf‘r"JDto

to the upper and |wehearsusplppdwer isavailapleaMhisdneeasesthe hitionl cdxy. way of contr ol

40 Sim 1 ar'l - ncSEEH o solg: SPE ¥ R edRehrChy SAEr SERSE e 1) of

the VCM drivers 22 are sel ectlvely coatrotlable to couple the term nals of

the VCMto and | ower r ai are ont | ed
0% cantror 13 FoRhe R . 3 Sen b B Wt kot BY Fho? Bl StreBY O
PWNI cont r ol | €onveaioral Béthdds Béselop Alctirpdnt Bxthdypindle r@:drebly@ﬁdnmg tBé REBIALLS @ﬂther or

m cr opr ocessor to e erate p ropriate contro ignals on the control |ines
44, 46, as is™MIRS “f‘H‘é" f ‘93%1}?“?%1‘8" wmé@éﬁaﬁ FFPS} e metor FsispRge-
external powernwhes @@mbnadraaseaheemlmeeirk&cﬁﬁus B2dugh e Ay Ridlbcomhe ol | er

applies control voltages to the control lines 44, 46 so as to switch the
drivers output drive MOS transistors 16, 18. The recirculation current is dumped into the storage

20 capacitor at the power supply Vpwr, boosting the voltage. This process of shorting and
releasing is repeated at regular intervals to replenish charge in the storage capacitor. The
circuits are protected from being damaged by a high voltage using the voltage clamp 30,
which dissipates the excess energy from recirculation. This solution requices a smaller

capacitor than serategy 2, but is still subject to three limitations as follows.



14 to drive the spindle notor 12 at a substantially constant speed whil st
the disk drive is in use. The PW controller) during normal operation) nmay
al so sel ectyy¥ehdAaPPly control voltages to the control |igegsé8odeds SW tch
the VCM driver 22 for selectively driving the VCbhi to position the

read/ wite head as required to store or retrieve data. Then, when a | oss of
25 power to the supply rails is detected, the PWM controller operates in a
different node. In accordance with the preferred formof the invention,
upon detection of the external power supply the PWIl controller applies
control voltages to the control lines 44 and 46 so as to switch the spindle
mot or and VCbl drivers as described herei nabove to generate and store
back-enf derived electrical power. In particular, the spindle notor drivers
and VCNI driver s 30 are controlled by the PWf controller to chop the
connecti ons o t hge SHPRE the'sidkdg® cdplci®P odiiin@Ease as/¥e PO 2hekdst reglited by the

PCT/ S&9/ 006’13 phase manner so that recirculatioa current gcneratcd by the
spi ndl e notor cafPaEirgusdocasapes c Thisyacpases fthe ogetaf trerfaluliotact ri cal power
derived fromthe i t LAol J A0 e S -Mto
drive the VCN an(}‘ﬂta%ecE%Ioggsﬁto?gllc?@rﬂ?gﬁ%xgiri?;g&gltsﬁogfm;r\ngiggsg%rgy%isr cuitry) in
order to park thénthegtiomis imisédead. The Foregoi ng detail ed description of
the present |nverti i S.: pr y}ﬁ;ﬁ” | YosnirPindis] t

i nt ended t% c]be cgﬁl’éfg%???é‘af‘i m@t?faﬁgﬂ%% he g%eelsent %S?F\?%Etv?{on aslfc?é%higﬁed in

t he appended cl aigesing dgmaged\py Bo 1& gangrated] PCT/ SG9/ 00013 1. A nethod for
controlling a notorized nechanismin the event of external p ower |oss, 5
the notorized nmechani sm conprising first and second notors coupled to a
common dri vilmgorder touredyce i avereomes theseoirawbaglsd fog aarimproyesdsalusionod grefersad a
substanti al | Iy t (o) | o the
driving ci rc%tFlfofaﬂﬁvx‘}?gpgfhrﬁap}t%ew&@%@érﬁ 5@@SI 0245t ?%o?tlglgl% 3’8 g\%g?nﬁ%{)é !éq%g%%dri cal
power to tlRememmerandghattheQFR time ¢fepiddle ehapging iiy synehrorized avithitheoPNdichesd thes t o
connect and gi-8£0HN IS ircuit in
subst anti al Igbgﬁt@o‘ﬁﬁ%rﬁfls?%'%gicﬁgﬂ?%%gﬁd‘f%gé%a gﬁggp%togéé%ér? r’r%{l%lr to be
driven with dwheteredahlatonwsergydy diveety frampfarizd ok therfCMf Atiep adntkge rgthhy r st

notor. 2. A ' [k ' [ ' ni sm
conpr i ses a eaes? B by S dihe Aldube of MELE dRefoffs FACIAIERI RERET
first notor oSbhacsEnhcieredby te laddthd émodne ofenergy dumpdddntoits @pacgamdndithd e head
posi tioni t QL a disk drive having a spindle notor for rotating a
dat a storggeg%ngks %’ﬁg‘)@ahead positioning notor far positioning a read/witc
head, the spindle notor and positioning notor being coupled to be driven
from an external

. o] . dri vi i i1 0 hod f
controlling fq‘hvé“e fr\é'le laqsr%lnj'[o ﬁécéﬁﬁ@ﬁﬁ% ?hgg%&%\fﬁ @gfpcciﬁcggg%ﬂ mgdoéér\}@%ﬁs? ce o
during rot at simownoik Rifuee 3 piThel lfiest nudeatamed) epiedln iddivates this ntitecofnine spindéentlotor

positioning notor, are itched,on and off fromthe drivi circuit
substant i al | §P¥ %ﬁflsD%ﬁeaIS%” CHFS MO PR B Qiaﬁ‘ggmwe’ drivers 18

20 are turned on, resulding in build-up of the spindle motor current. The varjation of the spindle

motor current is indicated by the waveform labelled /m_sp in the trace labelled Imoror.
Where the spindle trace shows "highZ" (meaning high impedance) this indicates that the
output drivers are off which results in recirculation of the spindle motor current through the
body diodes of the spindie output driver MOS transistors (16, 18). The second trace in
25 Figure 3, labelled VCM shows the state of the VCM output drivers 24, 26. Where the VCM
trace shows "on" this indicates one of the following two states. First, current is flowing from
node outP to node owtQ (see Figure 1) when the upper driver of outP and lower driver of
our( are turned on. Second, current is flowing from node ourQ to node owrP (see Figure 1)
when the upper driver of ourQ and lower driver of outP are turned on. The corresponding

30 current waveform in the VCM is indicated at Im_vc in the finotor trace in Figure 3. The



positioning notor to be driven with electrical power derived from back-enf
of the rotating spindle notor. 25 4. A nethod as clained in claimS3,
wherein thewéﬁ)(j/ﬂflllse notor is coupled to the upper and lo%[r/sﬁ&%% rails of
the driving circuit by way of a plurality of respective uppér and | ower
sem conductor Swi tching el enents having parallel diode elenetas, and
wherein switching on of the spindle notor corresponds to switching of the

| ower switching elements 30 to connect the spindle notor to the | ower
supply rail, and switching off of the spindle notor WO 00/51118 -12 PCT/ S
G 99/00013 al |l ows back-enf derived fromthe spindle notor to generate a
recirculating current through the upp%_sw’ tching elenents to the upper
supply rail. 5. A nmethod as clained in claim4) wherein the positioning
nmotor is coupled to the upper 5 and | ower supply rails of the driving
circuit by pair f r j | | L.s) and
wherein sw tgéﬁrﬁguoa Sh gﬁ&%@%ﬁé@ﬁéﬁ’?ﬁ’g} %%lrd%ggercgﬁ%%%}éh@? %)?Jé\?\ﬁg?ﬂéhl?%]g on a
sel ect ed one 28fand heltygaclamp 39 atshe poster supplylreil®pws t 0 connect the positioning
notor to the upper and |lower supply rails to drive the positioniztg notor
with said recirculating current. . 10 6. A nmethod for controlling a disk
drive havi ng Iatedtdapet/eampteae, thervtavaiomn pottion indiegtedrmt 3@rcotredphndsao pdcixcslativna

driving cirguit ri.si t.he steps.pf: detecting a.loss of s I ower
Lo 1 he dr i vi favees: s B A seiptie Bofiin abe resh Ssbcniat W forvd SofenRtied ! *and
the driving @4redttedpoids tg eurehadupplied td rivenheV oM Hyethi¢ stogkcapaditorl28.i Fiaally,
rccircul ation_current; and,choppi .cqnnecti,on between the, positignin

motor and dr iR o RPREEES HCRER & Bt AATD SR R PSRRS S S P  phas e
with the choppireg ofthetvbice jilinldratséIDt FrbmQlil pAFH it Bétoines pparkit ehatlthe \propgsedf t he
ositioning notor using.the recircu jon. current. .20 7. A disk drive or
Phe 11 ke havi oty 2 <EFnitdiias o eanue S PEMRiarys friemftpsdingth f afindinabt,

di sk) a poso tsimeBintgt sfalicdurdett gefidsed frofititGpindle @fdoratslricolation is diedligadsd and a
nmot or driving, circuipt, ,coupl.ed tq.controllably. drive the spindle.nmtor and
posi ti oni ng ?ﬂS’t"Bf‘h"u%%r ?‘hgﬁdﬁa:? a'g‘ﬂﬁ!!F it E@F%&qéﬁ“lé‘xf%rt ‘“‘5’8’\70@?“ B y)
the notor driiiPigues betyj 4, ahdyg bie@héb@n ducBE @at,r ol | er adapted to respond to Loss
of said external power supply by chopping connection between the driving 25
circuit and the spindle and positioning notor9 respectfully in a )
subst anti al | y1.syncihe eRéragdoOipt rcpiddSie poaane resuRing R Bbestiag uy iofghefupblye
positioning_notor wth a recirculation current derived froma back-enf of

t he spi ndl &> not or YO%8%A disk drive or the like as clained in claim?7,

wher G n the drivi MRisGosites vialub asthelpRAEe S ¥ APRIkeSIID P initdth kGreamidfeed t o

recei ve the exterw-l power supply a nder nornmal operation WO 00/51118
115 PCT/ 59930001 Fover dissipated b the diam. P )

3. The region where Icap + Iclamp is negative (capacitor supplying the VCM current) is

minimum, which means that the required capacitor is smaller.
20
The optimum values for the time intervals will of course depend upon the actual circuit and
motors upon which the system is implemented, but based upon the foregoing description

suitable values for a given circuit may be easily determined experimentally.

25 Embodiments of the present invention may be implemented in existing forms of disk drives,
for example, by operating with the standard driving circuitry and motors perhaps with the
addition of a storage capacitor (28) and voltage clamp (30) where necessary. In that case, the
control procedures of the preferred embodiment may be incorporated into the embedded
control instructions of the disk drive or disk drive control circuitry as required. It is implicit

30 in the foregoing description that the disk drive or the like includes means for carly detection



and wherein the driving circuit includes a storage capacitor and a voltage

clanp coupled to the upper supply rail. 9. A disk drive or the like as

claimed in claim8, wherein the spindle notor is coupled 5 to the upper and

| ower suppMPPUIIIE of the driving circuit by way of a pl (RCAISGAY00813

respective upper and | ower sem conductor switching el ements having parall el

di ode el enents, and wherein chopping of the spindle notor corresponds to

alternately switching on and off the |lower switching el enents to connect

the spindle notor to the | ower supply rail, wherein switching off the | ower

swi tching el enents all ows back-enf derived fromthe spindle notor 10 to

generate a recirculation current through the upper switching elenments to

t he upper supply rail. x0. A disk drive or the like as claimed in claim38

or 9, wherein the positioning notor is coupled to the upper and | ower

supply rail sophe ptreerdipply Adure] foQHitttheg:)(odE&irEﬁof(ﬁc pIBPRTinveAGhd BayEbd pul to

sem conduct or swtching el enents) and wherein chopping of the positioning

not or cor r espSI9BSt 18 2BRIPRIA HEF-on and of f a sel ected one of the pairs of

switching el enents to connect and di sconnect the positioning notor to the

upper and | ower, sup‘{)l % rails to selectively drive the positiaqning notor

with said red} FiBurct # Rlpck diepmamrepressplationsof ajcircyit according fo anesmbodiment ofghoy

& AL. Ay LEXrd' 5 M3ént invention is illustrated, In this diagram the spindle motor 12 is shown coupled to the
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- T S10%@ () - fdd86RhAQYWin(the préferred form of the invention, upon detection of the external power

supply the PWM controller applies control voltages to the control lines 44 and 46 so as to

switch the spindle motor and VCM drivers as described hereinabove to generate and store
back-emf derived electrical power. [n particular, the spindle motor drivers and YCM drivers

30 are controlled by the PWM controller to chop the connections to the supply rails in an out-of-
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phase manner so that recirculation current generated by the spindle motor can be used direcdy
by the VCM. The electrical power derived from the back-emf of the spinning spindle motor

is thus used to drive the VCM and the PWM controller (and any other necessary circuitry)
in order to park the read/write head.

The foregoing detailed description of the present invention is presented by way of example
only, and is not intended to be considered limiting to the present invention as defined in the

appended claims.

10
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circuit, said first motor being arrangcd to rotate at 2 substantially constant rate with external

electrical power applied to the driving circuit, wherein in the event of loss of said external
electrical power to the driving circuit, the driving circuit is controlied so as to connect and
disconnect the first and second motors to the driving circuit in substantially out-of-phase
10 synchronism to enable said second motor to be driven with electrical power derived from

back-emf of the rotating first motor.

2. A method as claimed in claim 1, wherein the motorized mechanism comprises a
driving mechanism for a disk drive or the like, wherein the first motor is a spindle motor and

15 the second motor is a read/write head positioning motor.

3. In a disk drive having a spindle motor for rotating 2 data storage disk and a head
positioning motor for positioning a read/write head, the spindle motor and positioning motor
being coupled to be driven from an external power source by way of a driving circuit, a

20 method for controlling the motors in the event of loss of said external power source during
rotation of the spindle motor wherein the spindle motor and positioning motor are switched
on and off from the driving circuit substantially in out-of-phase synchronism to enable said
positioning motor to be driven with electrical power derived from back-emf of the rotating
spindle motor.

25
4. A method as claimed in claim 3, wherein the spindle motor is coupled to the upper
and lower supply rails of the driving circuit by way of a plurality of respective upper and
lower semiconductor switching elements having parallel diode elements, and wherein
switching on of the spindie motor corresponds to switching of the lower switching elements

30 to connect the spindle motor to the lower supply rail, and switching off of the spindle motor
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5 and lower supply rails of the driving circuit by pairs of upper and lower semiconductor
switching elements, and wherein switching on of the positioning motor corresponds to
switching on a selected one of the pairs of switching elements to connect the positioning
motor to the upper and lower supply rails to drive the positioning motor with said
recirculating current.

10
6. A method for controlling a disk drive having a spindle motor and a positioning motor
both coupled to a driving circuit, comprising the steps of:
detecting a loss of supply power to the driving circuit;
chopping connection berween the spindle motor and the driving circuit to generate an
15 intermittent back-emf derived recirculation current; and
chopping connection between the positioning motor and driving circuit at least
substantially synchronized out-of-pbase with the chopping of the spindle motor connection to

e¢nable driving of the positioning motor using the recirculation current.

20 7. A disk drive or the like having 2 spindle motor for rotatably driving a spindle and/or
disk, a positioning motor for positioning a read and/or write bead, and a2 motor driving circuit
coupled to controllably drive the spindle motor and positioning motor under normal operation
using an external power supply, the motor driving circuit including a controller adapted to
respond to loss of said external power supply by chopping connection between the driving

25 circuit and the spindle and positioning motors respectfully in a substantially synchronised out-
of-phase manner to enable driving of the positioning motor with a recirculation current

derived from a back-emf of the spindle motor.

8. A disk drive or the like as claimed in claim 7, wherein the driving circuit has upper

30 and lower supply rails coupled to receive the external power supply under normal operation,
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9. A disk drive or the like as claimed in claim 8, wherein the spindle motor is coupled

5 to the upper and lower supply rails of the driving circuit by way of a plurality of respective
upper and lower semiconductor switching elements having parallel diode clements, and
wherein chopping of the spindle motor corresponds to alternately switching on and off the
lower switching elements to comnnect the spindle motor to the lower supply rail, wherein
switching off the lower switching elements allows back-emf derived from the spindle motor

10 to generate a recirculation current through the upper switching elements to the upper supply
rail.

10. A disk drive or the like as claimed in claim 8 or 9, wherein the positioning motor is
coupled to the upper and lower supply rails of the driving circuit by pairs of upper and lower
15 semiconductor switching elements, and wherein chopping of the positioning motor
corresponds to switching on and off a selected one of the pairs of switching elements to
connect and disconnect the positioning motor to the upper and lower supply rails to

sclectively drive the positioning motor with said recirculating current.



